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Curvature Dependent Reactivity
of Fullerenes and Nanotubes
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Curvature Dependent Reactivity

Example: Hydrogenation of Fullerenes and Nanotuhes

-1.54 ¢V -450 eV -I 23 eV -3.18 eV

• External Surface : Nucleophilk

Internal Sudace : Electrnphilic

• Chemical reactivity is a function of the cur,,ature or rullerene.

Depedence on PyramidalizationAngle ?

The Clwmlcal Reactivity of Fu|lerene 4------ The pyrnmidaltzatton.

Pyrsm_dafization Between $p_ and SF_

Between sp t and spJ ,,_ '/t orbital

needed then s_

Pyramidal angle tO ) : 8_- _¢2 (3"

G

Three Examples of Surfaces

Graphite (0.00)
(i0,0) Nanotube (0.09)

@
C,.(0.22)



Example: Reaction on Surfaces

@ Hydrogenation of graphene sheet and Fullerencs

H on Graphite H on C_

E = --4.50 eV E = -3.18 eV

= ]_gs" (o.226) e, = 2o.56"(o.359)

o. = o.o- (o.o) o. =, (o._.)

Chemkal reactivity difference mt Strain energy difference ?

External Chemical Reaction on Fullerene

@ Total reaction energy

I. Straining the bonds. (+dE) ] Strain Energy

2. Breaking _ bonds. (+ _ 1
Binding Energy

J3. Reacting with external reactant (X)

in given structure. (- dE)

4. Glabol relautior_ (- AE) 41---- Temporally ignored

X

Strain Energy Contribution to Reaction

O Fix all the carbon atoms, pull only one carbon up and cakulatt the

energy difference

8 - I. Elastic Strain Energy

2. Independent of

_4 External Reactant

_2 3. O, shift

4. 0. increase =*stiffer
3

oo o?

• d.),

.,sJ /

PTTalIIId|I A_)II lrJdl)

Need a new title for this slide

0 The relation with the pyramidal angle i 8#)

lTr)= J2-tan(O,_,)+_)Ip)

Binding energy with external reactant ,¥

E_,,., = _-- tan{O • ) E,. + _ E ,, + E,,...,_ (8,,)

where E. : <XIII_> and E_ : <._W_p>

• E u and Eex depends only on external reactant X.



Binding Energy Dependence on Pyramidal Angle

• Hydrogen is used as the point probe.

ooo o z o., o, o, I. E. : .5.34 eV

_ E_ = -1.71 eV

i

_.2 _ 15._: . 2. AE._
• _, ' -0.1 eV--0.3 eV

It ....." " "_'_'_' 3. Independent of 8 e

iiii i il i . ,i--t.--rin
small Op

N_ _ ._lJO MSL Stxn/(wd & NASA Ames 9_

Total Reaction Energy Estimation

O Total reaction energy : Minimum (strain energy + binding energy)

O Snmli Errors (- O. I eV) from ignoring global relaxation

Formation Energy Comparison with Full Relaxation Results

Pyram_lhtl AJit4e (_) Tml ReKIk_ Em_rlr? leVI

htitlaJ Value EJ6nlmed valm: Full Rt_ Estimated VI_ Frail R_laxa41oa

Geq, hltJ 00_3 022_ 0226 -I 50 -I 65

Nmbe 0 091 0 291 0292" -2 29 -2 39

Cw 0¸20"2 0¸373 0 359 -3 07 -3 lit

o_ Toe forc_ _ rctaxed _p 1o tl_ rwn mt a¢i_

External Chemical Reactivity (Conclusions?)

O
I Strain Energy curve shift 8,

o. (initial pyramidal angk_) L
Binding Energy curve shift < - 0.3 eV

Binding Energy curve - almost linear

8p = 8r. + 8, - 8 (stiffness change)

Total reaction energy changing by 8,

Strain energy effect < 0.1 eV

Binding energy effect ~ 8 o E_ eV

Internal Reaction

Lt_ Reactive than External Reaction 41--- Less Electron Density

Total reaction energy

I, Straining the bonds. (+ dE)

2. Breaking I1: bonds. (+ dE) Same as External

3. Reacting with external reactant _X) Chemical Reaction

in given structure. (- dE)

4. Global relaxations (-

5. Weak bonds with neighbor Difference from

carbon atoms. (- dE) -------4P External Reaction



C_ and C_

C2 "--'__+. B311._)

C3 _ _Wall Hexalpn

d_ B2 (1.49]t)
$,6) Bend

(5,6) Bend

$ 2000 MS i+"+imr.$,wdk. "_ASA Aaz. i3/2n

H @ C_ and H @ C6e

H on Carbon E

Formation

Initial O, Final ep Energy

CI 72.85 7521 -I.28

C2 73.95 77 87 - I.54
C,4

C3 77.19 B153 -1.40 _

Center -046

Carbon 78.37 85.35 -1.23

CK,
Center -043

P @ C_and P @ C_

Wall H
Formation Energy

Top Hexagc_ -0 27

Pentagon -0.74

C_+ Wail Hexagon -089

Bond 4 -080

Carbon 3 -0.85

(6,6_ Bond -081

C_
Center -099

O The other sites are ur_table.

Internal Chemical Reactivity

As 8p increases

l The portion ofx state decreases (+ AE)

bond bramkJng et_rlD' decreases (- AE)

Globol Interaction increa.._ (- AE)

Two negative effect and one positive effect combined.

Hard to estimate reaction energy

m,,+ _+ _,oon mSl. _,;m,d,,_l & ".A:'; _,._I,+, I+,,'3_
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Quantum Computer

• Solid state qtumtum compeer can be designed by )tP al_ in bulk St [ 1 ].

Probleml DIfFmm of • _Ip iota ..J

PrevenUnI dlffmtms o¢ )ip

I. Kww. II.F_, ,_ar_t,. 393. p. 133 (19911)

_a_ 5 2of_ _4SL S_al, wd • NASA Arm* lTfZO

P @ the Center of C60

0_0

l /j

Full Relaxation

Binding Energy

Cenler : .0.99 eV

(6,6) Bond : -0.81 eV

Diffusion Barrier

Cenl_r =* Bead

-0.33 eV

s _ MSL S_rrd • _ASA Alml t_

II @ C_oD_o

q No mela-stebke site and Diffusion Barrier = i.17 eV

° ......... .'3 ,_

Conclusions

e The external reaction energy is determined by It competition of

strain energy and binding energy.

° We can estimlt_ external reaction energy up to O.l eV error, which

is from global relaxation.

° External Chemical Reactivity is enbaneed by binding energy

difference due to initial pyramidal angle.

@ Inner Chemical Reactivity k enhanced by Global Interactions.

° Possible candidates for Quantum Computer

_np @ C,_ and I|! @ C_D_
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Future Work

• We are going to test more eumples on external chemical rem_tlvity,

• We will continue to work on the reactivity or Ihe rnulU-bonds

reactions and non-covalent bond reactions.

• We need more syslemullc sludy on intermul chem_c'xl reactivity.

• Since we found the way to encspsuhle P and H, we will work on

serf-ordering of endo-rullerene for quantum computer applk:ation.

• AS an sr_lher candidate for quantum computer, we art locking into

compressed hooky onion, which has dtllmond core structure.

_ _ _aSl. 5vd*ml a _.ASA Ames 21/20
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